We aimed to assess utility weight of health states associated with colorectal cancer (CRC) that reflect the societal preference of the Korean population and to estimate the quality-adjusted life year (QALY) loss with CRC. We recruited 607 individuals from the Korean population; they were surveyed via face-toface computer-assisted interviews. The participants evaluated each CRC-associated health state using standard gamble. Utility weight for each health state was calculated as the possibility of full health restoration. Moreover, we estimated total QALY loss due to CRC in Korean individuals aged ≥30 years in 2013. To calculate QALY due to morbidity, we yielded utility weights and used epidemiologic data of CRC on severity from the National Cancer Control Institute. QALY loss due to mortality was calculated using mortality of CRC and life expectancy data from the Korean Statistical Information Service. The highest and lowest utility weights were assigned to "adenomatous polyps" and "metastatic colon cancer", respectively. Total QALY loss due to CRC in Korea was 173,662; these patients were more likely to be men or be included in the 70-74-year age group. These utility weights may be useful for conducting cost-utility studies of cancer screening for CRC and for measuring disease burden with QALY.
Colorectal cancer (CRC) is the fourth most-common cause of cancer-related death, and has the third highest incidence rate among malignant neoplasms in South Korea (hereinafter referred to as Korea). In 2012, a total of 8,135 patients have died due to CRC and 28,988 patients have been newly diagnosed with CRC, which can lead to a considerable disease burden in individuals, families, and societies 1 . Several methods are available to calculate the burden of disease (BoD). Traditionally, mortality and life expectancy have been used to calculate BoD. However, at present, summary measures such as quality-adjusted life-year (QALY) or disability-adjusted life-year (DALY), which reflect both the quantity and quality of life, are commonly used worldwide 2 . QALY is a single index generated from combining disease mortality and morbidity, and is used as the official measurement scale of The National Institute for Health and Clinical Excellence (NICE) in the United Kingdom [3] [4] [5] . QALY is widely used as a measurement tool for health effectiveness and can assist decision makers in setting priorities among competing healthcare programs in situations with limited resources [6] [7] [8] . In particular, QALY can provide a common currency value for the benefits or gains from healthcare interventions. QALYs can be calculated simply by multiplying the duration spent in a health state (HS) by the health-related quality of life (HRQoL) weight (i.e. utility weight for HS) associated with that HS 9 . Hence, in order to calculate QALYs, it is essential to first obtain the utility weights (or quality weights) of various HSs 3 .
With regard to the estimation of HS utility weight, there are two important issues. First, the individuals whose preferences should be reflected need to be identified; for instance, the parameter can be estimated from the general population, patients, healthcare professionals, or government. Second, the type of valuation technique to be used needs to be determined. With regard to the first issue, many researchers have recently suggested that the societal preference is more appropriate 10, 11 . With regard to the valuation methods, the direct ones, including the visual analogue scale (VAS), time trade-off (TTO), and standard gamble (SG), are widely used for eliciting preferences 12 . In oncology, some studies have measured the utility weights of described elicited HSs from the general population by using SG or TTO 13, 14 . SG is the gold standard for eliciting expected utilities 15 and could be feasible, reliable, and valid method to value HSs in Korea 16 . Finally, due to the cultural differences among countries, the health utility scores should be evaluated in the context of their own societal values 17 . We believe that the BoD due to CRC may be considerable in Korea. However, little is known about the utility weights of CRC in Korea. In the present study, we aimed to determine the utility weights of HSs associated with CRC that reflect the societal preference of the Korean population using SG and estimate the QALY loss due to CRC. Table 1 presents general information regarding the study participants eliciting utility weights for CRC-related HSs using SG, including gender, age group, education level, occupation, monthly incomes, and related clinical features.
Results
Utilities of health states associated with CRC according to SG. The highest utility weight was derived from HS 1 (0.81), followed by HS 2 (0.69) and HS 3 (0.66), whereas the lowest utility weight was derived from HS 7 (0.45). For each HS, except for HS 7, the mean utility weights calculated via SG did not significantly differ according to gender, age group, education level, occupation, monthly incomes, and related clinical features (Table 2) .
QALY losses due to health states related to CRC. The total QALY loss due to CRC in Korea in 2013 was 173,662. Estimates of total QALY loss due to CRC by gender and age group are shown in Table 3 . The total QALY loss due to CRC was larger in men (98,046) than in women (75,616). Among the age groups, the total QALY loss due to CRC was greatest in the 70-74-year age group (25, 225) , followed by the 60-64-year age group (22, 002) and the 65-69-year age group (21, 339) . In terms of the Surveillance, Epidemiology, and End Results (SEER) stage, the QALY loss due to CRC morbidity was greatest in the regional stage (19, 088) , followed by the localized stage (15, 576) and distance stage (5, 482) . The results from sensitivity analyses were shown in the Supplementary Tables 1 and 2 . 
Discussion
In the present study, we aimed to determine the utility weights of HSs associated with CRC that reflect the societal preference of the Korean population, and to estimate the QALY loss due to CRC. The highest utility weight was derived from HS 1 (0.81), whereas the lowest weight was derived from HS 7 (0.45). In 2013, the total QALY loss due to CRC in Korea was 173,662; in particular, men (98.046) had a larger QALY loss than women (75,616), and patients aged 70-74 years (25, 225) had the highest QALY loss, as compared to the others. In terms of the SEER stage, the QALY loss due to CRC morbidity was greatest in the regional stage (19,088), followed by the localized stage (15, 576) and the distance stage (3,664). We used QALY as an indicator of the value of health outcomes in our current study. A health utility weight is required to yield the QALY value. With regard to health utility, there are two main issues. The first issue includes the individuals whose preference should be considered. Although the use of patients' or providers' perspective has its own significance, the societal perspective is emphasized in economic evaluation guidelines 18 . In Korea, the use of the societal perspective is recommended in the guidelines for economic evaluation of pharmaceuticals, as compared to the patients' or providers' perspective 11 . Furthermore, Gabriel et al. reported that cost-utility studies based on the patients' perspective may undervalue prevention interventions, as patients tend to value their HS more favourably than those who have not experienced the illness 19 . In the study of Best et al., the preference values for HSs related to Stage III colon cancer were higher in patients than in community members 20 . Therefore, the general consensus is that the preferences of the general population should carry more weight than those of patients or providers 10 . Thus, we used the preferences from the general population in Korea to estimate the utility weights for CRC-related HSs in this study.
The other issue is the type of utility evaluation technique to be used. The valuation methods can be categorized as direct or indirect 12 . For the indirect valuation method, preference-based instruments, such as European quality Table 2 . Utility weights by health states related to colorectal cancer. *P-value < 0.05, **P-value < 0.01. HS: health state; SD: standard deviation. HS1: Adenomatous polyps; HS2: Colon cancer requiring colon resection; HS3: Rectal cancer requiring resection of the rectum; HS4: Colon cancer requiring colon resection and systemic chemotherapy; HS5: Rectal cancer requiring resection of the rectum and chemoradiation therapy; HS6: Rectal cancer requiring resection of the rectum, stoma formation, and chemoradiation therapy; HS7: Metastatic colon cancer.
of life 5D (EQ-5D), short form 6D (SF-6D), and health utilities index (HUI), are usually used. For the direct valuation method, SG, TTO, and VAS are commonly used. Although there is no generally accepted theoretical basis for selecting direct or indirect valuation methods, we used the SG method in our study because it measures participants' preferences under conditions of uncertainty, and is directly based on the von Neumann-Morgenstern utility theory, which is regarded as the gold standard for modelling rational behaviour in the context of uncertainty 21 . The utility weights estimated from this study using SG did not significantly differ according to gender, age group, and related clinical features. Furthermore, except for HS 7, there was no statistically significant difference between or among utility weights according to education level, type of occupation, and monthly income. We assumed that the HS descriptions dominantly affected the participants' preference, regardless of socio-demographic factors, such as gender and age. Furthermore, in general, it seemed that the utility weights calculated in the present study were lower than those calculated in other studies 22 . According to a systematic review study, the utility weights of HSs associated with CRC differ markedly between studies and across methods. 23 . In general, the results from Ness et al. were similar to our present results. The other four studies used indirect valuation methods, and their utility weights by CRC severity were relatively higher than those noted in the present study. These differences might be driven by methodological differences. In case of using direct method such as SG, their utility weights might be underestimated because there was no adaptation process on their HSs. Generally, cancer patients have gone through process in order to accept their illness but in eliciting a stated preference people could not undergo but just image these states. So they could valuate states worse than those real states. On the other hand, in indirect approach, utility weights might be overestimated because some patients with better conditions more easily could response to surveys. Utility weights from indirect approaches could be overestimated.
In addition, there were some inconsistencies in terms of CRC severity in other studies, whereas the utility weights estimated in our present study were consistent. For example, Wilson et al. reported that the EQ-5D index for Dukes stage A + B was 0.786, but that of Dukes stage C + D was 0.806 24 . Furthermore, Wong et al. determined that the mean SF-6D health preference scores were 0.831 in stage I and 0.858 in stage II, respectively 25 . We believe that there are two main factors explaining these inconsistencies. First, the inconsistencies may be due to the small sample size. We believe that the consideration of the preferences from a relatively large sample (n = 607) in our current study may have played a role in the consistent utility weights obtained according to CRC. Hence, a utility study should have a sufficient sample size in order to obtain consistent values according to the severity level. Second, the differences in the HRQoL among patients with mild HSs may not be remarkable. Therefore, the perspectives of patients need to be compared to those from the general public in utility weight studies for mild HSs. There were also some inconsistent responses in individual levels, however this inconsistent rate could be acceptable. In this study, among 607 participants, 419 participants (69.0%) conducted SG tasks without any inconsistency and 10.0% had more than four inconsistencies in 11 pairs (Supplementary Table 3 ). The Korean EQ-5D-5L valuation study using composite TTO reported 66.4% of consistent respondents 26 although there were some differences in health state description and valuation method between two studies. Considering that TTO can be relatively easier than SG, it might show that SG tasks in this study were appropriately conducted in the perspective of inconsistency. In addition, each standard deviation of HS's utility weight was reduced by exclusion of inconsistent responses, respectively. In this study, we allowed arbitrarily three inconsistent responses.
The utility weight is not simply an auxiliary tool for measuring QALY, but could serve as the final outcome measure for cost-utility analysis. Moreover, the utility weights can help patients make a decision regarding which clinical treatment would be a better choice. Hence, further studies using utility weights are needed. In the present study, we only estimated QALY losses due to CRC. If the decision makers would like to estimate the size of the BoD due to different neoplasms, the QALY should be evaluated according to each neoplasm. Moreover, QALY is a powerful measure for setting priorities for resource allocation among competing programs. Thus, QALY can be used to evaluate the outcome of CRC-related health programs.
In comparison with the results of QALY loss of other diseases in Korea 3 , we noticed that colorectal cancer have a significant burden of disease. In the previous study conducted by Ock et al. 3 , QALY losses in Korean adults due to 13 communicable diseases (except cancers) in 2010 were estimated. According to the Ock et al. 3 , QALY loss of hypertension (513,113) was largest, followed by arthritis (509,317) and stroke (431,049). Although the comparability is limited due to the different study period, colorectal cancer was ranked seventh in the 14 diseases. The burden of colorectal cancer estimated by QALY loss was larger than myocardial infarction, depression, and asthma, while it was smaller than diabetes mellitus and osteoporosis. These comparison results can be helpful in determining an appropriate priority for healthcare resource allocation.
In Korea, colorectal cancer mainly affected QALY loss due to mortality, considering the composition of QALY loss. About three-quarters of the total QALY loss (74.8%) was QALY loss due to mortality. Furthermore, QALY loss of colorectal cancer was larger in men than women and these differences were mainly attributed to high prevalence and mortality of colorectal cancer in 50 s and 60 s men groups. We expected that interventions to decrease the mortality and incidence of colorectal cancer in these vulnerable groups are preferentially required in order to reduce the burden of colorectal cancer.
Main limitation of this study was that we did not assess the degree of survey participants' difficulty in conducting SG and verify the validity and reliability of participants' responses from SG. The VAS was performed to familiarize the participants with the health state of CRC, before SG was applied and outlier VAS values for being dead (≥20) were excluded from the analyses to include only participants likely to understand the way of survey including valuation methods. Moreover, we excluded 54 responses because of their inconsistent responses. Despite all these efforts, we could not completely rule out the possibility that inappropriate responses were included in the analyses of utility weights.
Another limitation of our present study was that the calculation of total QALY loss due to CRC was restricted to individuals aged ≥30 years. Although this restriction was based on the availability of data of the prevalence of CRC from the NCCI, the estimated total loss due to CRC would be underestimated. However, considering the very low incidence of CRC in individuals aged <30 years, the degree of underestimation of total QALY loss due to CRC would be minimal. In addition, valuation on worse than HS was not considered because of reducing cognitive burden of study respondents. This also could underestimate the results. But, few people might value some HSs as a worse than death so its effect may be relatively small.
In conclusion, we determined the utility weights of HSs associated with CRC that reflect the societal preference of the Korean population and estimated the QALY loss due to CRC. The results from this study will be helpful for conducting cost-utility studies of healthcare interventions, such as cancer screening for CRC, and for measuring the BoD using QALY. Figure 1 shows the framework of the study, wherein the utility weights for HSs associated with CRC were measured and were used to estimate the QALY loss.
Methods
Developing the description of health states associated with CRC. The authors (Ock M, Jo MW, and Lee JY) developed a draft of the HSs associated with CRC based on expert interviews and literature reviews. After reviewing a draft from a surgeon (Lee JL; one of authors in this article), we finalized the description of HSs associated with CRC. We defined eight HS descriptions, from perfect health (HS 0) to metastatic CRC (HS 7); each HS description comprised four components: diagnosis, symptoms, treatment, and progress and prognosis (Table 4 ). The complete descriptions of the 8 HSs are provided in Supplement 1.
Survey participants.
We recruited a total of 607 representative individuals using a multistage stratified quota sampling method. The quota was assigned to each of 15 provinces based on their population proportion, along with gender, age group, and education level. These data were derived from the resident registration information, as of June 2013, which was published by the Ministry of Administration and Security in Korea.
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Face-to-face computer-assisted interviews by trained interviewers. The survey was performed by trained interviewers via face-to-face computer-assisted interviews. The trained interviewers had learned about the CRC-related HSs and were trained on how to perform the SG technique. The interviewers practiced in pairs before performing the field survey. The total training time for each interviewer was approximately 2.5 hours. The overall interview process was as follows: interviewers asked the participants about their general characteristics such as gender, age, and education level, and then helped the participants evaluate each HS of CRC using the VAS and SG approach. To ensure that participants understood the HSs, the interviewers used visual aids.
Process for determining utility weights for CRC-related health states using SG. Before SG was applied, the VAS was administered to participants, so that they could familiarize themselves with the HSs evaluated. The participants were administered the VAS a total of five times, for which four HSs were randomly selected among the seven HSs and the "being dead" HS. Thereafter, SG was applied for the participants. In SG, the participants need to decide between two HSs, one of which is a selected hypothetical HSi (i is a certain HS) and the other is death (Question 1 in Fig. 2 ). Thereafter, they had to choose between the following 2 options (Question 2 in Fig. 2 ): first, they could remain in the HSi for the rest of their life-time (Option 2 in Fig. 2 ) or they could choose to receive treatment (Option 1 in Fig. 2 ) that may either restore them to full health (probability, "P") or immediately kill them (probability, "1 -P"). The participants continued to make choices until the preference for the two choices became equal. The minimum probability interval was 5%. The chances of achieving the best outcome started at 50%, and increased or decreased by 5% according to the individual's response.
Analysis of utility weight. After applying the SG approach to all participants, we collected all the answers. Thereafter, the utility weight for each HS was calculated as the possibility of restoring full health (if the HS was regarded as a better option than being dead). However, in cases where the HS was regarded as worse than being dead, the utility weight was censored at zero. We excluded 44 participants with outlier VAS values for being dead (≥20) from the analyses. In addition, 54 participants who had more than four inconsistent responses were also excluded in the SG approach. We assumed that a response was inconsistent when the HS 1′s utility weight was lower than other HSs' utility weight or HS 7′s utility weight was higher than other HSs' utility weight. The mean values for the utility weights according to the socio-demographic factors and clinical information were compared using Student's t-test and analysis of variance (ANOVA). All statistical analyses were conducted using SPSS software (v21.0). A P-value of <0.05 was considered statistically significant.
Calculation of QALY loss. We estimated the total QALY loss due to CRC in Korean individuals aged ≥30 years in 2013, by using the calculated utility weights from this study and the methods from a previous study 3 . The total QALY loss due to a certain condition is the sum of the QALY losses due to morbidity and mortality. The details of the method for the calculation of QALY loss can be found elsewhere 3 . In order to calculate the QALY loss due to morbidity, we needed two data sets: the prevalence rate and the utility weights for CRC. With regard to the prevalence rate, we used data from the National Cancer Control Institute (NCCI). NCCI provides cancer statistics in Korea, including the incidence and mortality rates for all cancers by severity level, gender, and age group. The severity level was classified according to the SEER stage, as follows: localized stage, regional stage, distant stage, and unknown stage. Based on the data for incidence and mortality rates for colon cancer, we estimated the prevalence rates for colon cancer by SEER stage, gender, and age group 27 . With regard to the utility weights for CRC, the average utility weight for HS 2 and 3 in this study was considered as the utility weight for the localized stage. Moreover, the average utility weight for HS 4, 5, and 6 was considered as the utility weight for the regional stage. In addition, the utility weight for HS 7 was mapped as the utility weight for the distant stage, whereas the mean utility weight for HS 6 and 7 was considered as the utility weight for the unknown stage. Furthermore, we assumed the utility weight for healthy controls as 1 (full health).
We conducted sensitivity analyses considering unknown stage. We assumed that CRC patients of unknown stage might be mainly mixed group of regional and distant stage. In order to estimate its effect on QALY loss, sensitivity analyses were done by assuming unknown stage as a separate stage or other stages. We also performed sensitivity analyses by applying a 5%, 10%, or 20% increase in the prevalence of CRC.
The age group interval was five years, and the final age group was ≥80 years. In order to calculate the QALY loss due to mortality, we obtained mortality and life expectancy data in 2013 from the Korean Statistical Information Service from Statistic Korea.
HS Diagnosis
Symptom Treatment Progress and prognosis
Adenomatous polyps
• Mostly asymptomatic
• Polyps can be removed during a colonoscopy under sedation
• Complications of colonoscopy: abdominal discomfort, small amount of bleeding, bowel perforation
• Rarely bloody stool, mucous stool, and change in bowel habits can occur
• Rate of recurrence of adenomatous polyps: 30-50%,
• Risk of progression to cancer: 1% 2 Colon cancer requiring colon resection
• Open or laparoscopy colectomy
• Complications of surgery: temporary change in bowel habits.
• A change in bowel habits, anemia, mild dyspepsia, mucous stool, and bloody stool can occur
• Recurrence rate: 3-15%
• 5-year survival rate: 85-97%.
3
Rectal cancer requiring resection of the rectum
• Mostly asymptomatic • Upper rectum: open or laparoscopic resection of the rectum.
• Complications of surgery: temporary voiding dysfunction and sexual dysfunction
• A change in the bowel habits and bloody stool can occur
• Lower rectum: open or laparoscopic resection of the rectum with sphinctersparing operation
• Recurrence rate: 7-21%
• 5-year survival rate: 79-94%.
4
Colon cancer requiring colon resection and systemic chemotherapy
• A change in bowel habits, anemia, blood in stool, mucous stool, and abdominal discomfort or pain can occur.
• Open surgery to remove the cancer • Complications of surgery: temporary change in bowel habits
• Feeling of a lump in the abdomen.
• Systemic chemotherapy to reduce recurrence
• Problems in sleeping, and the feeling of fear or anxiety
• Recurrence rate: 17-56%
• 5-year survival rate: 44-83%.
5
Rectal cancer requiring resection of the rectum and chemoradiation therapy
• A change in bowel habits may occur.
• Neoadjuvant chemoradiation for 6 weeks,
• Anal pain, blood in the stool, and abdominal discomfort due to dyspepsia may occur.
• Surgical resection and adjuvant systemic chemotherapy for 6 months
• Problems in sleeping, and the feeling of fear or anxiety about illness
• Recurrence rate: 20-55%
• 5-year survival rate: 45-80%
6
Rectal cancer requiring resection of the rectum, stoma formation, and chemoradiation therapy
• Chemoradiation for 6 weeks • Complications of surgery: temporary voiding dysfunction and sexual dysfunction
• Anal pain, blood in the stool, and abdominal discomfort due to dyspepsia and anal mass may occur.
• Surgical resection with stoma formation
• Patients need to defecate through the stoma
• Adjuvant systemic chemotherapy for 6 months
• 5-year survival rate: 45-94% 7 Metastatic colon cancer
• Blood in stool, anemia, abdominal pain, bowel obstruction, jaundice, and/ or ascites
• Surgery and consequent systemic chemotherapy
• Rarely mobility impairment, pain, and paralysis may occur due to spinal metastasis
• Radiation therapy to treat bony metastasis lesions in the inoperable area
• Patients need to defecate through the stoma, if surgery is performed
• Systemic chemotherapy for the remaining metastatic lesions
• 5-year survival rate: 6-30% Table 4 . Description of the health states associated with colorectal cancer. HS: health state.
